PCX 



WORLD INTELLECIUAL PROratTY ORGANIZATION 
btmationil Bntew 




DffERNATIONAL AH>UCATION PUBUSHED UNDER THE PA-reNT COOPERATION TREATY (PCT) 



(51) InternatioDal Patoit Classificatioo ^ : 

HOIS 3/085, G02B 5/18, 6/12, H04B 
lOIW, HOIL 33/PO, 3iyP232 



Al 



(11) iBternaUoml PubBeation Number: WO 98/57402 

(43) Intenutioiial PubBeation Date: 17 December 1998 (17.IZ98) 



ai) iDtenatiooal Appiicatioii Nnmber: PCT/US98/1 1920 

(22) laternatkHial FOing Date: 10 June 1998 (10^98) 



(30) Priority Data: 
08/872^34 



U June 1997(11.06.97) 



US 



(71) AppUcant: HONEYWELL INC. [USrtJS]; Honeywell Plaza - 

MN]2^2S1. P.O. Box 524, Minneapolis, MN S5440-OS24 

(US). 

(72) Inventors: COX, James. A.; 1842 26lh Avenue N.w:. New 

Brighton, MN 55112 (US). MORGAN, Robert, A4 2210 
Rancbview Lane North #131. Plymouth, MN 55447 (US). 

(74) Agent: MACKINNON, Ian, D4 H<meywell bic. Honeywen 
Plaza - MN12-825I, P.O. Box 524, Minneapolis, MN 
55440-0524 (US). 



(81) Designated States: CA, JP, European patent (AT, BE. CH, CY, 
DE, DK. ES, FI, PR, OB. OR, IE, IT, LU. MC, NL, PT, 

SB). 



Published 

With miemational search reporu 



^54) TlUe: RKONANT REFLECTOR FOR IMPROVED OPTDELBCTRONIC DEVICE PERFORMANCE AND ENHANCED AWU- 
CABIUTY 



(57) Abstract 

Optoelectionic deyices such as VCSEL and 
RCPD devices that have intcgniScd resooant re- 
flcctofs. The integrated resonant reflector may 
be made conductive so that bias current can pass 
theiethrough. Hiis . may allow OKxe flexibility 
in the design of die VCSEL and RCPD devices. 
Since making the resonant reflector more conduc- 
tive typicaDy reduces the ovciall reflectivity of the 
resonant reflector, the resooamt reflector may be * 
provided in combmaticn with a Distributed Bragg 
Reflector (DBR) miiror 'to achieve Itie desired 
overall leflcctancc for a VCSEL or RCPD design. 
A broad bandwidth resonaiit rcflcctco- may also be 
provided. The b^width ihay be sufficienfly wide 
to increase the reliability of data communication 
between such devices, and may be sufficiently nar> 
row to maintain adequate noode control and mode 
stability. These devices may be used to support 
pcdarization-, space- and/or wavelehglhHlivisioo' 
multiplexing applications. 




Ba g ra ^ H a ^ 



r 



so 



^V\\\XXVXVX\XNXV<\V<><XS\%XXXXNX>XV 
%XXXXXXXX>XXXXXXXXXXXXXV\XXXX\XXXXX 

xxxxxxxxxxxxxxxxxxxxxxxxxxvxxxxxxxx 

xxXXXXXXXXNXXXXNXX 




XXXXXXXXSXXXXXXXXXXXXXXXXXXXXXXXXI 
XXXXXXXXXNXVXVXXXXXXXXXXXXXXXXXXXi. 



xxxxxxxxxxxxxxxxxxxx 

XX - " 

XXXXXXXXXXX 
XXXXXXXXXXX 
>>v VVVV^VXVV 




-62 



•56 



I 
I 
I 



I 
I 
I 



Codes used to identify 



AL 
AM 
AT 
AU 
A2 
BA 
BB 
BB 
BF 
BG 
BJ 
BR 
BY 
CA 
CF 
CG 
CH 

a 

CM 

CN 

CV 
C2 
DE 
DK 
EE 



AlhaDit 

Anneotft 

Aubu 

AnsinKa 

Azcrtitifm 



FtBtaind. 



Bukoui^ 

Biilgara 

Beam 

Brazfl 

Belami 

CaiuKla 

<^»itn) Afiicaa RqwbSc 

Camenxm - 

Oiha 

Cuba 

Cxech RqwbKc 
GerauAjr 



ES 
FI 
FR 

^ GA Gabon 

GB ■ iWtedKiig^ 

"GE ;^ ^Cobqjii 
GH ■ • Gtttoa ... 
GN.: driaea 

15 

Jiptn : 
«R Kayz . 
. . - .^3^^ 

- Republic of Korea ^ 
KR RqwNicofKbiia 
KZ... -Kibfcstidi 

saimLiidi 

^ LiechteasteiB 

Sri Lanka 
..IJ? Liberia 



. '■ LS :-\; Lesotho 
; - ~ . Utbuaaiai 
. LU Uixemboim : 

.Hc.••■^M(»i^v,, 

. R«l«>NKbfMacerfiiia 

ML Mali 
r MN 
MR 
MW 

MX Meiico 

■■. NE; ^V .N^ • ; 

•V NL.; r'Nethertancfa: • 
= WO -: . Norway 
: : NZ ; . ' itew Zealand 
;.^^;ftoteld:.•-•• 
'^O . Romania, 
W ■■ '[ Rossiaa i4db^iogi 
SD Sudan 
SB : Simfco 
SG 



SI...''''-' StovaUa * 

5K.'/;.siovikia 

•■ ,SZ . ' :-'SwuaBDd' •• 

: ■">.;■ chad-;^'.". 

^ Togo 

TJ ' ;-,';'nBjtetan • 

"A Ukraine 

UG ; Uganib 

US United SottbW America 

UZ; Uzfaekistai 

W. VietN«Bi» 

W Y»8o•llvia^ 
ZtbibabTC 



wo 98/57402 



PCT/US98/II920 



RF.SONANT REFLFCTOR FOR IMPROVED OP TOKLECTRONIC DEVICE 
PERFORMANCE AND ENHANCED AP PMCABILITY 
BACKGROUND OF THE INVENTION 
This invention relates to the field of optoelectronic devices, and more 
5 particularly relates to optoelectronic devices that use reflectors such as vertical cavity 
siirface emitting lasers and resonant cavity photodetectors. 

Conventional semiconductor lasers have found widespread use in modem 
technology as the light source of choice far various devices, e.g., communication 
systems, compact disc players, and so on. For many of these applications, a 
1 0 semiconductor laser is coi^led to a semiconductor receiver (e.g. photodiode) through a 
fiber optic link or fcven free space. This configuration niay provide a high speed 

communication path. 

A typical edge-emitting semiconductor laser is a double heterostructure with a 
narrow bandgq). high refiactive index layer sunounfled on opposed major surfeces by 

15 wide bandgap. low refractive iiKlex layers. The low bandgap layer is termed the "TO^^ 
layer", and the bandg^ and refractive index differraces srave to confine both charge 
carriers and optical energy to the active layw or region. Opposite ends of the active 
layer have mnot facetsVwhich form Ae laser cavity! The cladding layers have opposite 
conductivity types and when current is passed throu^ the structure, electrons and holes 

20 x»mbine in the active layer to. generate light. 

Another type of semiconductor laser v>*ich has <»me to prominence in the last 

decade are Wace enutting laisers: . Several types of surf^ 

dfeveli^. One such lasfer of special pK>mise is teriiied a "vertical ravity surfece 

emitting laser" (VCSEL). (See, for etample, "Surfaa::«nitting microlasers for photonic 

25 swit«dMng and interchip connections". Optical Engineering. 29, pp. 210-214, March 
1990, for a desCTiption of this laser. For other ocamples^ note U.S. Patent No. 
5il 15,442, by Yong H. Lee et al., issued May. 19, 1992, and entitled "Top-emitting 
Surface Emitting Laser Structures", which is hereby incorporated by reference, and U.S. 
PateritNo; 5,475,701, issued on December 12. 1995 toMary K. Hibbs-Brenner, and 

30 entitled "Integrated Laser Power Monitor"* which is hereby incorporated by reference. 
Also, see "Top-surface-enutting GaAs four-quantum-well lasers emitting at 0.85 \uii\ 
Electronics Letters. 26. pp. 710-71 1, May 24, 1990.) 
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from the center of the lasing cavity. Thus, the most obvious way to force the laser to 
oscillate in only a lowest order circularly symmetric mode is to make the lateral 
dimension of the active area small enough to prevent higher-order modes from reaching 
threshold. However, this necessitates lateral dimensions of less than about 5 m for 
5 typical VCSELs. Such small areas may result in excessive resistance, and push the 

limits obtainable from conventional fabrication methodologies. This is particularly true 
for implantation depths of greater than about 1 m, v^cre lateral straggle may become a 
limiting factor. Thus, control of transverse modes remains difficult for VCSEL's of 
practical dimensions. 

10 One suggested approach to help control transverse modes in VCSELs is to use a 

smaller dimension 'V* for an exit vandow relative to the excitation dimension 
the lasing cavity. This approach is suggested in Morgan et al., "Traiisverse Mode 
Control of Vertical-Cavity Top-Surface-Emitting Lasers", IEEE Phot, Tech. Lett., Vol. 
4, No. 4, p 374 (April 1993). Morgan et al. suggest^making the lateral dimension of the 

15 exit window "v/* in a top metal contact smaller than the gain guide aperture "g" (Syhich 
defines the lateral dirhensipn of the excitation area of the lasing cavity). In this 
configuration, the top metal contact (typically gold) interfaces directly with the top layer 
of the top semi-conductor mirror stack, and around the perimeter of the excitation area 
of the lasing cavity. 

20 In the exit window, the top layer of the top sSemi-condtictor mirror stack 

interfaces directly with air or the like. Morgan el al. suggest that this configuration may 
help control lateral mode eniission because the reflectiyity of the gold-semiconductor 
interface nmy be phasermisimtched and/or nouTspecul 
reflectivity than the semiconductor-air interfaccj. 

25 The lower reflecti^aty at the gold-semiconductor interface may reduce the 

possibility that higher order modes will generate in and around the perinieter of the 
lasing cavity. This may effectively reduce, the lateral optical dimension of the excitation 
of the lasing cavity^ and allow larger f^Hcatiohdimrasion^^ 

A limitation of this approach is that the discrimination between the reflectivity 

30 of the gold-semiconductor interface and the semiconductorrair interface may not be 
large enough to effectively control higher order modes, particularly at higher bias 
currents. Further, the reflectance at the gold-semiconductor interface and the 
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Wang et al. may not provide a large enough operating wavelength for many opto- 
electronic applications, including optical communication applications. In "Multilayer 
Waveguide-Grating Filters", S;S. Wang and R. Magnusson, Applied Optics, Vol. 34, 
No. 14, May 10^ 1995), Wang et al provide examples of single-, double-, and triple- 
5 layer waveguide-grating filters. In each case, the Full Width Half Maximum (FWHM) 
reflectance bandwidth appears to be less than about 1 nm. A resonance of less than 1 
nm may not provide a large enough bandwidth for use in a resonant cavity photodetector 
(RCPD) or other optical receiver. 

A resonant cavity photodetector is typically constructed similar to a VCSEL, but 

1 0 operates in a reverse bias mode: A resonant cavity photodetector may be more efficient 
than a standard photodiode because the light that eriters the cavity, through one of the 
mirrors, may be effectively reflected through the active region many times. The light 
may thus be reflected betweien the mirror stacks until the light is either absorbed by the 
active region or until it eseapes through one of the miiror stacks, Because the mirror 

1 5 stacks are typically highly, reflcQtive near resonance, most of the light that enters the 
cavity is absorbed by the active region. 

The "narow band" dielectric resonant reflection fite^ 
achieve a very narrow bandwdth, presunMbly to incre^^ 

the filter. However, for many VCSEL applications such as in a VCSEL/RCPD electro- 
20 optical cornmumcatioii patl^ it niay be beneficial for the wavel^^ 

RCPD device to be increased, and should be broad enough to compensate for a number 
of factors including maoufacturing tolerances of the VCSEL and RCPD devices, device 
alignment, noise, heat and other factors. This would also be beneficial in utilizing a 
resonant reflector to construct a multi-mode VCSEL. This may enable a broader 
25 bandwidth detector for use in a communication link exhibiting a finite wavelcaigth 
variation or broad bandwidth source. 

; SUMMARY OF THE INVENTION 

The present invention overcomes many of the disadvantages of the prior art by 
3 0 providing optoelectronic devices such as VCSEL and RCPD devices that have an 

integrated resonant reflector. The integrated resonant reflector may be ihade a)nductive 
so that bias current can pass therethrough. This may allow more flexibility in the design 
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Figure 6 is a schematic diagram of a vertical cavity laser with the top miiTO 
replaced with a broad bandwidth resonant reflector; 

Figure 7 is a graph illustrating the reflectivity characteristics of a broad band 
7 resonant reflector, 

5 Figure 8 A is a schematic diagram of a resonant cavity photo-diode (RGPD) 

Miierein the top mirror includes in combination a resonant reflector and a distributed 
Bragg reflector; 

Figure 8B is a schematic diagram of a resonant cavity photo-diode (RCPD) 212 
with a resonant reflector 214 placed direcfly on the q>ac«r layer 216 
10 Figure 9A is an iUustrativc schematic digram of a number of opto-clectrom^ 

de\dces for data/tele-communication, processing, switching, etc., including 
embodiments conducive for wavelength division multiplexing, polarization division 
multiplexings and space division multiplexing; 

Figure 9B is an illustrative schematicdiagram of a number of VCSEL emitters 

15 and RCPD receivers; . 

Figure 9G is an Uliistrative schematic diagram of a VCSEL emitter, a ^ 

RCPD receivers, OTd an opticd fan-out element therebctwera; a^^ 

Figure 9p .is an illustrative schematic diagram of system for providing 

communication between a VCSEL emitter and a number of RCPD receivers located on 

2b a single monolithic device. « 

DETAILED DESCRIPTION OF THE PREFERRE H KMBODIMENTS 
Figure 1 is a schematic illustration of a pla^ 
top surface cnutting vertical cavity laser i O in accordto Formed on 

25 an ii-doped gallium arsenide (GaAs) substrate 14 is an n-cohtact 12. Substrate 14 is 

doped with impurities of a first type (i.e., n type). An n-type miirror stack J 6 is formed 
on substrate 1 4. Formed on stack 1 6 is a spacer 1 8. Spacer 1 8 has a; bottom confinement 
layer 20 and a top confinement layer 24 surrounding active region 22. A p-type mirror 
stack 26 is fonned on top confinement layer 24. A p-metal layer 28 is formed on stack 
30 26. The emission region may have a passivation layer 30. 

Isolation region 29 restricts the area of the current flow 27 through the active 
region. Re^on 29 may be formed by deep H-i- ion. implantation. The diameter **g" may 
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function both as an anti-reflection (AR) coating near the emission wavelength for the 
VCSEJLTStructure substrate and independently as a guided-mode resonant reflector 
waveguide-grating. The three layiers 52 niay form an anti-reflective region which 
provides little reflectance for at least a predetennined range of wavelengths including a 
5 resonant wavelength. The grating multilayer waveguide structure, also shown at 52 
causes tfie structure to become substantially more reflective at least at the resonant 
wavelength. 

Alternatively, the three layer stack may be designed to function both as a high- 
reflectivity coating for the VCSEL-structure substrate and independently as a guided- 

1 0 mode resonant reflector waveguide-grating. In this embodiment, the three layers 52 
form a highlyrreflective rhin-or region which provides reflectance for at lea^ 
predetermined range of wavelengths including a ri^sonant wavelength (e.g., near 980 
imi). The overall reflectance ofthe top minx)r, including layers 66 and 68, may b^ 
than that required for lasing. This may be accompliclied by, for example, reducing the 

15 niimber of mirror periods m the top DBR mirror 56. Grating layer 58 causes the guided 
mode resonant reflectpr structure 52 to beconae substantially more reflective at least . 
near the resonant wavelength. In both of the abtove embodiments, the number of DBR 
mirror layers beneath the resonant reflector region may be reduced relative to a 
conventional VCSEL construction. 

2 0 ResoDMce is achieved in the resonance reflector 52 by matching the evane^ 

fust-ctiffiaction order wavevector of the grating 58 to the propagatiiig mode of the _ 
multi-layer waveguide 52. Since the latter depends on polarization, the reflectmce is 
inheiiently polarizatipn-iselective. The resonant wavelength is dctwinined priinarily by 
tiie grating period 60, and the bandwidtii is determined primarily by ;the modulation of 
25 refractive index and fin factor of the grating 58^ 

; . A typical near IR VCSEL requires high reflectivity (>99%). Thus, an all- . 
semiconductor PER typically requires 20 - 40 nurtor POT 

\xm. As such, the epi-structure required for a complete VCSEL, including bptii top arid 
bottom DBR mirrors surrounding an active spacer region typically includes oyer 200 
30 layershavingathicknes!5inexcessof7-8 m- 

To reduce the mirror thickness, and in at least one embodiment of the.piesent 
invention, a hybrid mirror stmcture is contemplated. The hybrid mirror stnipture 
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includes, for example, a resonant reflector S^w r..,. 
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Figure 7 is a graph showing simulation results of the reflectivity characteristics from a 
resonant reflector having a resonance wavelength of 844.6nin, and a FWHM = 2.3iun. 
Even wider bandwidths are contemplated particularly for RCPD devices, and for 
VCSEL devices that are intended to have a multi-mode emission. 
5 Fi^re 3 is a graph showing reflectance curves for a resonant reflector assuming 

two values for the imaginary component of the refractive index (k = 0 and 1 0**) in any 
one layer of the waveguide-grating structure, and k = 0 in the other two layer^^ The 
construction of the resonant reflector is a three layer structure, as shown. The top layer, 
middle layer and bottom layer are preferably formed from IndiumTinOxide (ITO), 

1 0 GaAs, and AlGaAs, respectively. The refraction indices for the top, middle and bottom 
layers kr6 156, 3.5 and 3.24, respectively, and the thidcnesses of the top, middle and 
bottom layers arc peferably /4, 3 /4 and /4, respectively. These layers are on a 
substrate with an effective reflective index of 33. This structure is simulated to exhibit 
one transverse Electric (JE) mode resonance (vyith a polarization parallel to the grating), 

15 no perpendicular resonance and a low out of resonant reflectance near ICT*. 

The maginaiy cpnaponent ^ 
absorption and electrical conductivity of the resonant reflector. The case lc=l 0 *^ Which 
roughly corresponds to the minimum conductivity required to inject current through the 
resonaiit reflector and into the active region, produces about 5 percent absorption. The 
20 same tlWee layers vwth k=<), indicating a diq^ 

theoretically 100 percent reflectance. , . ^ 

It is recognized that suitable materials may not be readily available for providing 
resonant refl<^tdr ttiat simultmeously provides electrical-csonducti vity and high 
. reflectivity. In yjew thereof, a hybrid mirrpr approach is contemplated, combining a 

25 resonant reflector md a pBRrnin / 

Preferably, a three liayer resonant reflector is provided in combinatio 

five periods of a conventional DBR (see Figu re 4). A ^aight-forward analysis using 
simple Fabry-Perot teflectance eqiiatioiis shows that a 5 pen^^ 

combination with a resonant reflector having about 5 percept absorption (k==l 0*^) yields 
30 a total of about 99:5% reflectivity, which is more than adequate for a VCSEL mirror. 
This is intuitively clear since the reflectance of the DBR layers limits the transmitted 
intensity pf light emission reaching the resonant reflector to about 10 percent Even 
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that is higher than the materials surrounding the resonant reflector 106. In the 
embodiment shown, the surrounding materials are air on top, and the layers including 
and beneath layer 1 18 of the DBR mirror on the bottom. Thus, and in the illustrative 
embodiment, at least one of the three layers 1 04, 1 1 2 and 1 14 must have an index of 

. 5 refraction that is greater than both air (n=l) and the effective index of refraction of the 
DBR mirror 1 08. The DBR mirror 1 08 may be formed from doped AlGaAs layers. 

Figure 5A is a schematic diagram of a vertical cavity surface emitting laser 130 
similar to that shown in Figure 3 with the waveguide grating 132 of the resonant 
reflc^itor 134 functioning as the top contact. Rather, t^^ 

%0 1 02 as shown in Figure 4, this embodiment contemplates using the waveguide grating 
layer 132 as the top contact. The top ^yayeguide grating laiyer 132 is preferably formed 
from a transparent metal such as ITO, and the grating is formed over or under the exit 
aperture of the VCSEL, as shown. Preferably , the middte layer 134 and the bottom 
layer 136 are formed from GaAs and AlAs, respectively. The top DBR mirror l^yer 138 

15 is preferably formed from AlGaAs. . 

Figure 5B is a schematic diagram of a vertical cavity laser similar to that shown 
in Figure 5A, except that.the waveguide grating of tiie resonant reflector is formed from 
a different material than the contact. In this embbd'mient, the grati^^ 
fonned from, for example, SiOj, and the contact portion 142 may be formed fi^om Au. 

2 0 This may provide an alterative construction for a VCSEL or RCPD device. 

Figure 6 is a schematic diagram of a vertical cavity laser 150 with the 
conventiorial top mirror replaced with a broad band rcsona^ The 
bandwidth of the resonant reflects 

indicated above, tiie bandwidth of a resonant reflector is i^inmly determined by the 
25 modulation of the refractive index and the fiU factor of the grating. In accordance 

therewith, the present invention contemplates providing a broad band resonant reflector 
having a relatively wide bandwidth (FWHM > 1 nm) in combination with a VCSEL or 

RCPDdevice. — 

Preferably, the bandwidth of the resonant reflector is.sufficiently wide to 
30 increase the reliability of data communication between VCSEL and RCPD devices:: 

Figure 7 is a graph showing simulated refleclahce charact ristics of a resonant reflector 
having a resonmce wavelength of 844.6nm, and a FWHM 
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bandwidths are contemplated particularly for RCPnH 
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«5 ' ^""'^""^n'-the resonant reflector H7„^^ . 

5 eonductive flnH ... '52neednotbe 

'"v^.»d need », b. ^bined DBR „i™, ^ 
»n^P.-d«».*e.„^^d^„„,„„'^r4 t"'^ 



provided by the D6R mirror 204 

0 



; '''^°'W^"«^:»'«>«ta«lre« . -. 

bdh Of the co„ve««»^ »CPD DBRr^ , """^ 

^'-rjj L»BR mirrors (see Fimire fin\ . 

,.f««re.»c^i^^,:r^'^^ 
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example, manufacturing tolerances of a transmitting VCSEL device and/or the receiving 
RCPD device, device alignment (e.g., angle of incidence)^ noise, heat and other factors. 

Figure 8B is a schematic diagram of a resonant cavity photo-diode (RCPD) 212 
with a resonant reflector 2 1 4 placed directly on the spacer layer 2 1 6. In this 
5 embodiment, the conventional DBR top miiror is replaced with the resonant reflector 
214. Preferably, 4e bandwidth ofthe resonant reflector 214 is sufficiently . 
increase the reliability of data conununication between a source and a RCPD device. 

Figure 8A and Figure 8B show a number of illustative RCPD design features, 
some ofwhich are known in the art First, it is known that light niay enter the RCPD 
10 device firom either the top or the bottom of the RCPD device. Figure 8A shows the 
light entering from the top of the RCPD device. Figure 8B shows the light entering 
froni the bottom of the device. 

For the light to enter the bottom of the RCPD 212, and through the substrate as 
shown, it is contemplated-that RCPD 212 may opemte at about 980nm. It is knawn that 
15 light having wavelengths of greater then 870nm are geperally hot absorbed by a GaAs 
substrate, and may pass directly through the substrate 220 and into the bottom miiror. 
For the RCPD 212 to operate at 980nm, it is contemplated that active region 21 8 may 
include an InGaAs quantum-well structure, rather than a conyehtional GaAs quantum- 
wdl structure that operates at about 850nm. 
2 0 Figure 9A is.an illustrative, schematic diagram of a number of VCSEL, RCLED 

and/pr RCPD devices that may be used for data/teie-coriununicatioh, processing, _ 
switching, etc. The intrinsic anall size, and attendaint Ipwrpower and high speed of 
. VCSEL and RCPD devices hayiiig an integrated resonant reflector inakes such device^ 
well suited fdr dense higWy pj^ Space Division Multiplexing (SDM), Wavelength 
25 Division Multiplexing (WDM) and/or Polarization Division I|^ultiplexing (PDM) 
applications. Optical cdmiBunication, processing, switching, etp^^ 
using the devices of the present invention. : , , . 

As indicated above, the resonant reflector includes a waveguide grating, v^*iich 
produces a polarized light output. Thus, the combination of a resonant reflector and a : 
30 RCPD device may only detect a light signal with one desired polarization. Likewise. 

the waveguide grating may select a desired wavelength- The grating pitch and fill factor 
typically selects the desired wavelengths. Thus, the combination of a resonant reflector 
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and a RCPD device may only detect a liPht.- . 

Referrin r " ^» ^ des.Ved wavelength. 
Refemng specifically to Fieure 9A = u , 

areshownge„erailyat250 T. 

S extendinginaii^di^tioo ^^ '''^^^^ 

"^niy reiiected via the grating. For a Vr<JPT ^ • 

Finally, a fourth de\ace 25« i^ V • 
orthogonal dirertiona^ the fir^ "™ 258 is polanzed .n an 
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reflector may be fabricated with two crossed gratings aligned orthogonally with each 
other (e.g. bi-gratings). 

The decreased thickness required for the VCSEL and RCPD devices naturally 
leads to greater amenability to integration. Increased planarity and the utilization of 
u 5 standard semiconductor planar batch fabrication processes may improve producibility. 
The capability to readily control the wavelength, angiilar and bandwidth properties of 
the resonant reflector may allow flexibility in the construction of multi-element 
integrated circuits. 

The wavelength selectivity capability of the resonant grating is also applicable to 
10 display applications. As the grating itself determmcs the wavelength of operation, and 
fabrication is done lithographically, laterally-displaced wavelength dependent emitters 
are contemplated. This may also serve as a quasi-turiablc laser source. Wavelength 
tunable VCSELs and detectors may also find use in spectroscopic and sensing 

applicationis. . . - ' " . " . ' ' 

15 the improved performance coupled with the capability to control polarization 

lends itself to applications in polarization-sensitive optical read/write applications: 
Included are various forais of CD, DVD, and holographic storage applications. Laser 
printing heads should also benefit. The performance advantage, and use of thinner 
mirrors becomes even more paramount when extending VCSELs into the visible 
20 wavelengths where typical all-epitaxial DBf Rs become prohibitively thick and may 

require twee as many layers. } 
Figure 9B is an illustrative schematic diagram of ^ number of yCSEL^e^ 

and RCPD receivers. The system is generally shown at 270: A first VCSEL device 272 
provides a light output having a first polarization and a first wavelength. A second 

25 VCSEL deyice 274 provides a lig^it output that is polarized 

firet VCSEL device 272, biit with a dififcrent wavelength. In the illustrative 
embodiment^ the first and second VC 272 and 274, respectively, are 

provided on a single monolithic device. 

Positioned on a second monolithic device is a first RCPD device 276 and a 

30 second RCPD device 278, The first RCPD device 276 has a waveguide grating t^^ 
matches the waveguide grating of the first VCSEL device 272. Thus, the first RCPD 
device 276 may receive the light output of the first VCSEL device 272. Likewise, the 



WO98/57402 

'*CT/i;S98/11520 ^ 



20 



-18- 



25 



30 



second RCPD device 27« hao o 

"ciween a VCSEL emitter and a number of RCPh „ • . 
asinglenwnolithicdevice n.e«,. • ''^D receivers located on 

c oevice. The system is generally shown at 350 A Vr^Pr h • 
352 prbVide.<: » li'ah* . ^ vcbliL device i 
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orientation and pitch of the VCSEL device 352. Thus, RCPD device 360 is activated by 
the light output of VCSEL device 352. 

These illustrative embodiments show that a waveguide grating provided in 
combination vwth VCSEL emitters and RCPD receivers readily support SDM, WDM 
5 and/or PDM applications. Optical communication, processmg, switching, etc. are 
contemplated using the devices of the present invention. 

Having thus described the preferred embodiments of the present invention, those 
of skill in the art will readily appreciate that the teachings found herein may be applied 
to yet other embodiments within the scope of the claims hereto attached. 
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WHAT IS CLAIMED IS: 
miTOr. the improveinent comprising: 



a waveguj<ie region; and 
a grating i^OD. 

«aec»L W™™* device acc„fdi„g ,„ , 
n>mWofl»,.en(iiiclndl,,g.graj„g,3y„ 

^neetol ,*"^'*™'*™'-»'-"^'"'^>»^»^ 
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8. An optoelectronic device according to claim 6 wherein at least some of 
the resonant reflector layers arc collectively antiTreflective. . 

5 9. An optoelectronic device according to claim 6 wherein at least some of 

the resonant reflector layers are collectively highly-reflective. . . 

1 0. An optoelectronic device according to claim 1 , wherein the 
optoelectronic device is a VCSEL device. 

10 • 

11. An optoelectronic device according to claiiA 1 , wherein the 
optoelectronic device is a RCPD device. 

1 2. An optoelectronic device according to claim 1 , wherein the . , 
15 optoelectronic device is a RCLEP. 

13. An optoelectronic dicvice comprising: 
a first mimjr; 

a second mirror; 

20 an active region positioned between said first minror and said second iii^ 

resonant reflector means ]X>sitioned adjacent said first mirror, said resonant . 
reflector means providing more reflectance at a predetenhined range of wavelengths ^ 
iricluding a resonant wavelength, said resonant reflector means being conductive. 

25 14. Anoptoelectrpnicdeviceaccordingtpclzdm 13 further coihpris^^^ 

first contact means electrically cbuplejd to said a^^^ 
: > portion of said resonant reflector nrieans and said first mirror; and 

second contact means electrically coupled to said active region through at least a 
. . portion of said second mirror. 



30 



-15. An optoelectronic device according to claim 14 wherein said first contact 
means is positioned adjacent said resonant reflector meaiis. 



wo 98/57402 

PCT/US98/1I920 

-22- 



posilionrf .bove arid raoMM „neaor means, 
portion Of said resonant reflector means k fnor,^^ 

dopedtobecohductive. '^"^ ^^^^^^ ~^"--ateH^^ 



18- . Ail optoelectronic device according ,o claim 13 whei^in said 
reflector laeans comprises a grating „,ea„s ahd a ^yaveguide means. 



resonant 



19- A»<V««'«o»omcd«i„aocorii,,g„claio,,8„hc,e^ 
positioned above said grating means: 

20. Anoptoelectronicdevi^Wd^^^ 
means comprising said first contact irteans 

21. AnoptpelectrohicdevicfeaccorcUng^^^^^^^^ . 
optoelectronic device is a VCSEL device. ; 

V 22. An bptodectronic device a^ 
opte)electronic device is a RCPb device. 



23. 



An optoelectronic device comprising: 



a first mirror haying upper and I6w6r opposing surfacJes; 
: asecondmihxjrhaving^^u^^^^ 

upper suiface of said second miiror; and 
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first mirror, said resonant reflector region being conductive: 

24. An optoelectronic device according to claim 23 fimher comprising: 
first contact means electrically coupled to said active region through at least a 

5 portion ofsaid resonant reflector region and said first mirror, and 

second contact means electrically coupled to said active region through at least a 
portion of said second .mirror. 

25. An optoelectronic device according to claim 24 wherein said resonant 
il 0 reflector region comprises a waveguide region and a grating region. 

26. An optoelectronic device according to claim 25 wherein said grating 
region comprisies said first contact means. 

15 27. . An optoelectronic device according to claim 24, wherein the 

optoelectronic device is a VCSEL device. . 

28. Ah optoelectronic device according to claim 24, wherein the 
optoelectronic device is a RCPD device: 

20. • : . ^ •• 

29. A method for fonning an optoelectronic device, comprising the steps of ^ ^ 

formiiig a first mirror on a substrate; , . 
forming ah active region on the first mirror; 
forming a second minor on the active region; 
25 forming a resonant reflector on the second mirror, wherein the resonant reflector 

provides more reflectance at a predetiermihed range of wavelengths including a resonant 

wavelength; and 

doping at least part of the resonant reflector to be conductive. ' 

30 30. A method according to claim 29 fiirther comprising the step of: 

providing a contact adjacent the conductive resonant reflex 
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31. An optical datapath, comprising- 



0 



32. 



33. An optical datapath, comprising- 

. '"'™='*"°g<^PfwaveJengths;and 



Mi 
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